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10 BACKGROUND OF THE INVENTION 

Apparatus and methods for sensing odors are w.n u, . 

^ rfw draw,^ ^ * ^ °»y accomplished 

- o«o, - ^r^rcrrT" 

theodor. "■" Whtt " « l^rims fi^erprim rf 

' Presently there does not ari a . • 

nose receptors signals that are sent tn k • r . 

Pes* ,o correU* ^ ^ ^ to .tTl^ - 

sensory neuronal activity. An alternative method ior^Jednkrin^ij! 8 ^ T * SpOIX '' 118 
*»«ion b by Jordeaphenng tb, h™ ^ 

»- of Ejects provides for ST " ^ » 

^^^"^^-repre^tedoyJodJZT 

Odorant output devices for ddivm, „o a. 
"* k»o»n. For , ^ 0ffe ^ are also 

^ « * descHhes^l 1 !. * — * » 4*1* * 
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Systems which attempt «, link odor sen*™ 
devices are known in the prior art. For example, J??. *"~ "* °*» <*■* 

*— * K. ^ a ,,„, I0S ^ ^ - * New Paradigm fc 
device, ^nsmtaing ^ ^ ^ 

this r^ ^ ^ ^ ^ 11 » ~ <o 

«* - — reprodnctio, ^2^^ **-"*««*... 

10 ^ yrwiermined input odor. 

Over the years there have b~n m - 
* sensrton Most , f fc ^ ^ ^ » ~ fcr 

"repramry odors in smell m athmar . " VBK,n "« ««med there 

Vsion. Beginning wih fc * 'T" 5 ' or RGB) k 

- P hysic, „d ch^l ™TJ7 " " *• »~ 



However, more thm 30 years la- *. 
— Primary c4ors „, „ ^ .J"** ^ » 

odor s^o. ^ have " "* 80 " * »"~ - 

» »^-^o fR 0 BF or^^7^^^^ 
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system having 7 basic "RGB" odor* ' . /Sb<M4lt htla > **** described an odoi 
an . * ' camphor, moss, flower* ,»;»♦ ... 

< ^ More Proposed scheme of seven Drima .T P " C ° f *> original 

^^.ohesknp^^zrr^r^" 8 ^^ 



t _ * ws t0 prunary color* 

In summary, it is clear that th ore 

of odor ^ * dM! ." 0 ' -Mr *dress . 

^odorw^chis.predetern^o,^;^- - «~- « 



■mixing 



SUMMARY OF THE INVENTION 
The present invention seeks to provide methods for instating an 



proportions so fis to translate any odor input, even an ^o JITJlT 
out^.wMcfcati.&IIyreproduoestteinputodor. 

» is noted to throughout to ^ ^ ^ 

rniruic fiAiMu . « 



fragrances, 



, . ' ~ ana any derivatives thereof are 

off an odor, but may catalyze emission of an odor The odorant m v. 
or.inixtureofsubaa**. ^ ^ °*>™» ™y be a pore substo. 

A method rffc ^ favHltioii for ^ 

«- u^erpreution of am** of ^ ^ 

-Ptor. Hence, th, tottl ^ of , ^ ^ - 

^ ,, ^-^^^by,v^ caWm ^ onmveclor 8e,PnM *" 

v^g^r^ve, an *ora» nngerp™, represent by a «ctor of 
an arbitrary input odor r sensed by an odor sen*, TH, arbitral ^ ^ „ * 

~~ a concent vec*r, which „ ^ to instruct an odorant 

output fcvic. how to mix odor««, „ ^ proportkm „ ^ 

» *pu, odor. The odor^t output device hasan odcT 

oalette containing a * 



•*«• ^erprin, represent as a vector Tie II ' ^ ae^n,,, * , 

predefined w ,.,„„ L f*» - odorants are preferably 



characterize 



♦u^^k * "ugcipnm or odor r 

a natrix of Coran, veoors, which ch^ the odorants of tfc 

N~ * m^ mdtipfcd by th, coupon ve«„r, create, an output odo™, 
™«or wh^n charaoe^ an ^ ^ ^ ' 



output odor /■• is thus , combination of differ.™ _ ■ 

01 ainerem concentrations of odorants. the 
concentrate bemg defined by the cor«ntr*>o„ vector. 

odor , So ^ T " °°' """"^ " * 

perceived by . ma6na , ^ . ^ t ^ 

present invention provide, memods for nmWang tolerance , such tha, the ^ 
represa^v. human perceives the output odor r' as an adequate subs**. 

for input odor /\ «»uiuie 

^ , h ^ M °^"" i "'^of^ t vpe„f wi ora^o„ 
possum the presem mv^n and „ ^ with the prior art. A movie director 
would like to add fragrances to scenes in a plurality of movies. In the prior an the 

H *••—-«»- - * e^-user. with the 

odotams needed ,o reproduce .1 of th. known ^ If it is desired to transmit 1000 
odor, then*, director must either provide ,000 odoram. which emitthe same odor, or 
»n*how figure ou, how * mix the prop* proportions of a smaHer amount of basic 

of knowmg if 50, 600 or 9* p^,,^ ^ ^ ^ ^ ^ J 

gtven odors and no way of knowing what * proper proportion are. 

ta com™,, the director on w th. memods «d te^tags „f me present 
~ to know if ,000 predetermined odornna are re^y needed or if 49 are 
sufficient, and to know wnlt rf ^ ^ ^ ^ achieve tne desired 

output odors, wfthou, rirn^o™™^ ^ laborious ^ 
-W. the director is no, limited to known M odors. Rarter. unknown odors, 
«* «ta provided by auprise or improvisation, can to be transmit „ ^ 
using the methods of the present invention. 

There is thus provided in accordance with , preferred embodiment of the 
P-n, mvenuon a syaem (b, product an odora* concerns, ^ ^ „ 
odomn, fingerprim generator proving m ^ _ 

odor, and an odoran, concent W or general receiving the odoran, fibrin, 
represented as a vector and producing m odoram concemration vector 



1*^ 



^ PCT/IL99/U0495 

There is abo proved in accordance with . preferred M1 bodime n t of the 
Presem taventioo . ^ ^ ^ ^ ^ ^ ^ 

sensed odor input fingerprint representing an arbitrary odor sensed thereby, an odorant 
output .tevice, having a pdet,, , rf ^ 

i *m » P«te«nnined odoram fingerprim. th, ompu, device proving . 

composite odor in response to an odoran, concern*™ vector, and an odorant 
concent immUx KaiviBg ^ ^ ^ ^ 

^-^* f *d*n«.* M a w ^ also represented as vector, 
to produce the odorant concentration vector. 

» In accordance with . preferred en*odirnem of the presm tavern™ ^ 

odor reproducing system also includes an odorant fingerprmt ,»n^ wMd, n»du«, 
the sensed odorant fingerprint ,uch that the output ^ ^ 

odors which are similar as perceived by a human are represented by modified sensed 
odorant fingerprints which are close in the vector sense. 

' . ^ ' V""*™* *** ' Prrferral embodiment of the present 

■nvenfontbe predetermined odorant fingerprint, of the ouput device are 
nonnauzed in a simOarity ,„ the normafiauon of the sen»d odoram fingerprint. 

Closeness in the vector sense as the term is used above means that the 

metric, the additive segment metric, etc The distance can be for example the Euclidean 
dtstence, the 8al erauzed Euclidean dta* the Minkowsky distence, the over-dtreshold 
Euchdem dfcance, th. over-threshold average difference, to maxim, distance, etc. 

Addition^ in accordance with a preferred embodiment of the present 
mm** the odoram, of the odette are preferably predefi,ed i, term, of the sensed 

of q odorant vectors (a, to, ^ m, \ tm 

In accordance with , preferred embodiment 0 f ^ present invention the 
concentrate vector ger*rator ge^rate, , concemnrion vector t which ina™* the 
palette how to mix the q odorants in order to create an output odor r' which mimics an 
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input odor r, wherein the matrix Af multiplied by the concentration vector b creates an 
odorant vector - > ... «, y and the concentration vector generator chooses 
the concentration vector * so as to minimize the distance 1 1 Mb - a>\ I = | U ' - *>| | = S . 

Further in accordance with a preferred embodiment of the present 
5 mWen *° n Sis 8 ***** which * °^ed such that a sufficiently representative human 
population perceives the odor r ' as an adequate substitute for the odor r. 

Still further in accordance with a preferred embodiment of the present 
invention S is a proper distance or generalized distance function, such as the Euclidean 
distance, the generalized Euclidean distance, the Minkowsky distance, the over-threshold 
to Euclidean distance, the over-threshold average difference, the maxima distance, etc., 
denned in terms of metric space for example the Minkowsky metric, the Euclid** 
metric, the generalized Euclidean metric, the additive segment metric, etc.. 

Additionally in accordance with a preferred embodiment of the present 
invention the odorant fingerprint normalizer carries out a function /which operates on 
15 one kind of numerical vectors representing one kind of odorant fingerprints to form 
another kind of numerical vectors representing another kind of odorant fingerprints, not 
necessarily having the same dimensionality as the first kind of vectors, with the following 
property: if a>j and a> 2 are outputs of the odor sensor corresponding to odors n and r 2 , 
then the odor r y is perceived by a human nose as being close to odor if and only if 
20 f( tojj and f(<x>$ are numerically close. 

In accordance with a preferred embodiment of the present invention the 
function/is constructed by comparing the sensed odor vectors a> from a variety of input 
odorants to other vectors produced by collecting data from a human panel for the same 
variety of input odors. 

« Further in accordance with a preferred embodiment of the present 

invention the function/is constructed by comparing the sensed odorant vectors * from a 
variety of input odorants to other vectors produced by collecting data from actual human 
olfactory receptors for the same variety of input odors. 

Still further in accordance with a preferred embodiment of the present 

so invention the function/is constructed by comoarin* th« - . 
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vanety ot input odorants to other vectors produced by collecting data from a simulation 
of human olfactory receptors for the same variety of input odors 

Still further in accordance with a preferred embodiment of the present 
invention, the function/is constructed by one of the following methods and similarly 
5 known ones from computational algebra: polynomial approximation, fuzzy logic, or 
neural networks. An example of a neural net implementation in this context is a feed 
forward net with a linear output layer and a sigmoid transfer function hidden layer, or 
layers. Such a construction is known to be able to approximate any continuous function 
of the desired type to any desired accuracy. Here the input is the set of fingerprints of an 
10 electronic nose, and the output is the set of fingerprints obtained by a human panel. 
Another possible neural network which may be used for this purpose is the radial basis 
net, which is also known to be able to approximate any continuous function. 

Still further in accordance with a preferred embodiment of the present 
invention, construction of function / might involve computing in a reduced 
is dimensionality using methods such as PCA (principle component analysis), MDS 
(multi-dimensional scaling) and neural networks. 

Additionally in accordance with a preferred embodiment of the present 
invention there is provided an output device including an array of odorant sites, each 
odorant site including an odorant in an enclosure, the enclosure allowing passage of the 
odorant therethrough only upon application of a predetermined level of energy to the 
enclosure, and a trigger that selectively applies the predetermined level of energy to the 
enclosure. Preferably the trigger applies at least one of heat energy, light energy and 
mechanical energy. 

In accordance with a preferred embodiment of the present invention the 
25 trigger includes a scratch implement. 

Further in accordance with a preferred embodiment of the present 
invention the enclosure has a property of locally rupturing upon application of 
predetermined of energy. 

Still further in accordance with a preferred embodiment of the present 
so invention the enclosure has a permeability which increases upon application of the 
predetermined level of energy. 
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Additionally in accordance with a preferred embodiment of the present 
invention the trigger includes a laser which produces a beam of laser radiation and directs 
the beam onto the enclosure. 

m accordance with a preferred embodiment of the present invention the 
odorant sites are mounted on a substrate, and the odorant output device further includes 
a motion device connected to the substrate which moves the substrate with respect to the 
trigger so as to selectively align one of the odorant sites with the trigger so that the 
trigger selectively applies the predetermined level of energy to the odorant sites. 

Further in accordance with a ore£emA 



MI»I«'t 



invention the odorant- sites are mounted on a substrate, and the odorant output device 

further includes a motion device connected to the trigger which moves the trigger with 

respect to the substrate so as to selectively align one of the odorant sites with the trigger 

so that the trigger selectively applies the predetermined level of energy to the odorant 
sites. 

Additionally in accordance with a preferred embodiment of the present 
invention there is provided an odorant output device that include a plurality of reservoirs 
each containing an odorant and a selectable odorant release trigger mechanism associated 
with said plurality of reservoirs for selectably releasing odorants therefrom. 

The odorant release mechanism preferably comprises a drop on demand 
ink jet type mechanism which may be for example by thermal energy addition or may 
employ a piezoelectric crystal. 

Still further in accordance with a preferred embodiment of the present 
invention there is provided a controller connected to the trigger which controls to where 
in the enclosure the trigger should selectively apply the predetermined level of energy. 

Additionally in accordance with a preferred embodiment of the present 
invention a fan creates a flow of air over the odor sites. 

There is also provided in accordance with a preferred embodiment of the 
present invention an odorant output device including an array of odorant sites, each the 
odorant site including an od r in an enclosure material, the enclosure material allowing 
passage of the odor therethrough only upon application of a predetermined level of 
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— V to enclosure, «, . rtgg,, te « tata m r 4, p^te,,^ ^ ^ 
energy to the odorant sites. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be understood and appreciated more fully from 

the foflowing detailed description, taken in conjunction with the drawings in which: 

Fig. 1 is a simplified block diagram of an odor transmission system, 

constructed and operative in accordance with a preferred embodiment of the present 

invention; 

Fig. 2 is . simplified block diqjram „f an odor trananission system, 
conduced and opera*,. m ^ ^ rf ^ 

present invemion, wherein odorant fingerprint, are modified by an odoran, togerprin, 

normalizer; 

Fig. 3 is a simplified Ulustration of an odorant output device constructed 
and operative in accordance with a preferred embodiment of the present invention; 

Fig. 4 is a simplified illustration of an alternative trigger for the odorant 
output devices of the present invention, constructed and operative in accordance with a 
preferred embodiment of the present invention; 

Fig. 5 is a simplified illustration of an alternative odorant output device 
constmcted and operative in accordance with preferred embodiment of the present 
invention; and 

Fig: 6 is a simplified illustration of an alternative odorant output device 
constructed and operative in accordance with preferred embodiment of the present 

invention. 



MAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Reference is now made to Fig. 1 which is a Hock tfogram of an odor 

•*■*— 1 of the present mvention. „ desi«d u, connnunicate a given input odor , 
Odor r nay be duuaaerized in a number of w^ For e»unple, gu chromatography ca. 
be us* to represent odor , as a series of chemical consume**, cj . c 2 . .. c„, such a. 3 
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urnts of H 2 S, 5 units of 3-methoxy^hydroxybenzaldehyde, and so forth. Akernativeiy, 
an amficial nose can be used to represent odor rasa function of "odor characteristics" 
sj , s 2 .... s „ . Similarly, a panel of a representative population of humans can be used to 
representor rasa function of -odor characterise ./;....,„. In short, odor r 
can be represented by an odorant fingerprint expressed as an odorant vector a> = 

It should be emphasized that it makes no difference what the source of 
odorant vector « is. Odorant vector a, can be provided by sensing an object, such as a 
flower 12, whose odor is not necessarily previously known, as shown in Fig. 1 Lithe 
illustrated example, a sensor 20 such as an artificial nose may be provided. An example 
of an artificial nose is the Fox system by Alpha MOS at Toulouse, France, a description 
of which is available on the Internet at www, alpha-mo, rrm Sensor 20 characterizes 
odor r by an odorant fingerprint represented as vector a> = (a> y , ^ .... *>) 
Alternatively, instead of creating an odorant vector • by a sensor, it may be artificially 
created by a person, for example, by using an odorant-mixmg device or a look-up table 
of a set of known odorant vectors or even by simply using one's imagination to dream up 
a new odorant vector. 



An odorant output device 22 comprising an odorant palette 24 is 
preferably provided for generating an odor to an end-user via an odorant output port 26 
An essential feature of one aspect of the present invention is instructing odorant output 
device 22 to reproduce odor r as faithfully as possible. This feature is described 

hereinbelow. 

Odorant palette 24 comprises a plurality of q odorants. In order to use 
these q odorants as building blocks to reproduce odor r, the q odorants are preferably 
predefined in terms of the same type of * vectors used to characterize odor r. In 
practical terms, this means that the odors given off by the q odorants of palette 24 are 
pre-sensed by sensor 20 prior to using palette 24 to produce odors. In mathematical 
terms, odorant palette 24 comprises q odors which are defined by a matrix M of q 
odorant vectors^, . m^m^ , ^....^„ X ... ( V . 

In accordance with the present invention, a concentration vector 
generator 28 generates a concentration vector * which instructs odorant output device 

10 
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22 how t mix the q odorants of palette 24 in order to create an output odor r' which 
mimics input odor r as closely as possible as perceived by a human nose. The matrix A/is 
embodied in concentration vector generator 28 to make possible the following 
computation: In mathematical terms, matrix M multiplied by concentration vector b 
creates an odorant vector a' = (e>' Jf ^ ... Concentration vector b is computed 
so as to niinimize the distance I \M-b - e>\ | = | U ' - co\ I = S. In other words, 6 is a 
distance which is minimized such that a sufficiently representative human population 
perceives odor r ' as an adequate representation of odor r. 

The distance Si$ defined in a metric space. In general, the metric used is 
the Euclidean one, i.e., II 1 1 2 , in which case a suitable ininimization technique is least 
squares, or calculus of variations. However, 5 can also be defined in terms of other 
metrics, such as the maxima space, i.e., 1 1 in which case techniques of linear 
programming can be used to minimize the distance 8 Other possible metrics include the 
over-threshold Euclidean distance, in which we take into account only those entries in 
the vectors that are over a certain threshold, over-threshold average difference, the 
Mahalanis distance from cluster analysis, the weighted Euclidean distance, the 
Minkowsky distance, the generalized Euclidean metric and the additive segment, etc. The 
present invention recognizes the possibility that immunizing the distance in Euclidean 
space may be inadequate to mimic odor r. Accordingly, other techniques, such as 
employing artificial neural networks, fuzzy logic, or genetic algorithms, are provided in 
the present invention for modifying the input vector o> so that a suitable minimization of 
6 will better reflect how a sufficiently representative human population perceives the 
output odor r\ This modification of input vector <o is described hereinbelow with 
reference to Fig. 2 

Several important features of embodiments of the present invention 
should be noted: 

a. If the matrix M is non-singular or full-rank then S = 0 can be achieved, 

and a concentration vector b can be calculated to achieve 8= 0, so that a mixture of the 
q odorants will always produce exactly the odorant vector of the input odorants. If 
matrix M is singular or non full-rank then in general S * 0, and a concentration vector 



11 



can be found that minimizes S such that a sufficiently representative human population 
perceives odorr'as an adequate representation of odor r 

b- The present invention allows defining a set of q odorants that can 

produce a set of m odors within a desired to y^&Ttm V ^\ an ^ m ^ 

s that for many practical applications, one does not need a set of odorants that work for 
every existing odor, but rather for a given set of odors. Nevertheless, it is theoretically 
possible to use the methods of the present invention to find a universal odorant palette 
that will be able to reproduce with sufficient accuracy any arbitrary odor, 
c The set of? primary odorants that can produce a set of » odors within a 

> tolerance <?is not necessarily unique. Several sets ofq odorants may adequately "do the 
job". The present invention also allows a user to find these sets and optimize and 
combine them at will. 

d - ^ present invention allows the system to learn as it operates. In each 

representation of a new odor, the system examines the current odor palette and evaluates 
its effectiveness. It computes which odorants may be omitted and which new odorants 
could be added to the palette in order to construct a more accurate odor reproduce 
«• The present invention also recognizes that it is often desirable to have a 

palette containing some W odorants that will be present in larger quantities, with 
some secondary "condiment" odorants, in smaller quantities. This can be achieved by 
using odorant vectors normalized to the "human nose space" to generate clusters of 
similar odors. The main odors of the palette will then comprise a small number of 
odorants that best represent the principal components of the clustering procedure. 

Reference is now made to Fig. 2 which illustrates an improved version of 
the system of Fig. 1. In accordance with a preferred embodiment of the present 
invention, a human nose normalizer 30 is provided which "normalizes" the odor 
fingerprint represented by vector ® produced by sensor 20. By "normalization" it is 
meant that the odorant vectors are modified so that the difference in vector 
representation between two odorant vectors accurately reflects the difference in human 
perception of the odors which these two odorant vectors represent. 

In mathematical terms, human nose normalizer 30 uses a normalizing 
function/ which operates on one kind of numerical vectors representing one kind of 

12 
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odorant fingerprint, to ta ^ ^ KfKsa ^ maaiaijBi 

ofodontn. ftw^ no, « c « SMI a y having din^ontf ty as the firs, land of 

"^-fc^Wr,^, •« ounput, of sensor 20 
cc^espc^Ung to odors ^ r,, then the odor r, is perceived by a human nose as 
being close to odor r 2 it and only if^ „ ^ 

in 1 1 llj. 

The function/is also wd to modify the odorant i>alette. As mentioned 

*k° V *' ^°^ a ' palette 24 comprises q odors whidi are denned by a matrix M ot q 
^ vector, (-/J . , u K/ _ ^ ^ 

The ^ odorant vectors are also operated on by function,/^ thereby producing a ntodttled 
n^corcisting of the , . -w .... ^ 

refen *d to as/*/;, which is embodied instead of matrix M, in concentration vector 
generator 2S. The modified vector^ of the h^ „,„ is then inn* „,„ concenwUon 
™ctor generator 25, as seen in Fig. 2, to provide , better concenttation ve«or », 8, 
to muiimize the distance I 1/W-o-jMI. 

A simple example may be constructed by providing an electronic nose 
that senses odors and represents then, as odorant vectors „ in a 4^in*„siona, space A 
•hum. nose space", represented, fo, example by a set of vectors » derived from , 
P- 1 is 7-dinKa.omu, i..., the ,-vectors are Wtatag. Suppose th. palette 

is constructed of 6 odors, and is represented in the *>space as the following 7-by-6° 
matrix, 

41 21 15 51 44 28^ 

24 17 9 10 14 24 

36 37 13 51 42 86 

/(M)~ 22 31 22 52 67 45 

215 28 43 8 22 9 

29 13 20 17 28 61 

1,92 43 21 36 19 16 

Assuming that a new odor r is sensed by the electronic nose the following 4-vector is 
provided. 
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Q) = 



b 



(9\ 
II 
13 



If function/ that transforms from the a-space to the *-space is 

f bc-ad-a 2 +d 2> \ 
}<P+b) 



/ = 



{la-bf 
3a+4b-2c 
b —a 2 —c+d 
b(b-a) 
tip -a) 



J 



The odor r in ft-space is 

15 
49 
45 
35 
22 
W 

The concentration vector * can be found using an NNLS algorithm (non-negative least 
squares), which minimizes the quantity \f^ b - 4 mder Ae ^ fc 

elements of 3 are all non-negative. The resulting vector is 
^0.1338^ 



b = 



0 
0 

0.8603 
0 

1,0.0223 ) 
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^^^Pb*^tto vector by the palette matrix there is obtained 

' 50 1 
12 

5! 

*'=/(W)*=| 4 9 



which is the closest possible noiwiegative vector to * 

^ Wy0f ^"»^«fc«do n /i,b y le a rn i ,, g how fll e 
d^rences berivee. . vector, of sensor 20 aauauy reflect the differences berwee. the 

v^orT/ rr " *• ^ * * • - * 

vectors a - derived from a human panel, as can be understood from the following 
"ample. Suppose to . ^ ^ ^ ^ ^ 

composed of the valu* (l7 , 5.3, 1.7 8X each soaUr representing a ouantity such as 
*~* concemration, or a din^nfcs, number retaed * an odor ous»hy . n, same 

represents human populate, which U asta, to produce , ^ „ ^ 
c^erisrics for to odor. «, procedure produces a "hum*, control" veaor 

for exanp,,, to ^ 60.84). This example also illuara.es to toe two 
vectors*, a*)*, do m,t necessarily have the same length. 

Suppose to, to »x>to odor i, ctaraaeriaed by sensor 20 a, the 
odoram vector n, having the vafce, (10.7, 5, 7.3), which when judged by th, hum*, 
comro. produces vector , 2 with, for ex^nple, th. values (20, 54). Suppose furto to 
• ted odor i, charaaerized by sensor 20 as the odoran, vector 0} ha™g the values 

(4.35, 4.99, 13.6), which when judged bv the human -.u j 

j «cu oy ine numan control produces vector with. 

for example the vdues (19.25. 54.06). Reflecting on toe vectors, one noricL the 

JP^Ulogic.^towhilenorivoof.he^. veers appear to be dose On 
«ie I i 1 1 2 metric, for example), the two ;r vector* «■ ™a 

V h ICIWOff vec to« *2 ™* *3 u * extremely close, while 
*/ is distant from both of them. In this simple example, on. might node, to to codd 
have to do with the proximity of th. second of ^ ^ (J ^ ^ ^ 
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coo«« wift ft. rebtive,,, ^ J., of ^ ^ of fc sough( ^ 

to thscover the* correlations, to ftis example. for , g^^^ fc fc 

■ambers fc^ = r / . /w , ^ . n(x + ^ ^ ^ ^ ^ ^ 

• v«ors, , „d < „, produa!5 ^ ^ of the * vectors Tie 

' d0n,iM,,Ce 0f * *» KCMd of the . vectors, which may possibly represent 

some critical characteristic of the odors in question, now becomes very dear. 

lie above is a simple example which i, presented to explain the basic 
pnnciple of producing the concentration vector and finding and implementing fte 
fraction/ in actual*,, in ft. case of « ^ ^ ^ , ^ ^ ^ ^ 

» polled bytiKpa^land compared to the* vectors to arrive a, function/ Forexampl. 
one can ehoos. ,o represent function/., a polynomial wnh an, number of torn hq. 

course appreciated by fto* skilled „ ft, m of maizes, th« otl~ w«Wo»™ 
technoues can be used to const™, faction/ including teclri^ 
when ft, dimension of the . sp*. „ « ^ to ft,, of fc x ^ ^ 
involve reduced dimensionalities 

A second way of arriving at a nonnaliang function/is by learning how 
differences between a, vecton 

receptors in the human olfactory nerve cells. Such an analysis of real human noses 
potentially by remote sensing, including MRI or electromagnetic recordings, would the,! 
produce a set of Sectors, constituting odorant %erprints fit)m the real nose The 6 
vectors would be used, instead of vectors ,rf the human panel, to construct function/ 
which in tun, would be used to create f(a» and f(M). f(M) would ^ ^ mduded fa 

concentration vector generator 28 and/^ would be input into concentration vector 
generator 28, as described above. 

AlternaUvely, instead of analysis of real human noses to produce actual 0 
vectors, analysis could be performed on a set of simulated human noses, such as by 
chemical simulation of the 9 vector space i.e., real-life odor receptors in the human 
olfactory nerve ceOs. Such an analysis would produce a set of ^ vectors which could be 
used to construct function / as described above. Such simulations are based on the 
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— " -H «ADX proper „ lMl 

3l.(ProcJJal.Aca4SclUSA Vol. 90, 3715:19^pril 1993], 

to — * *— — ■onmto 30 provides . Mmaa>g ^ 
^ ^ ^ vector and ,1* odonm p^ ^ , ^ 

v*»rs . fa. . variety of input odor, to other vector, produced h * fo,^^. 

a. CoUectmg data from a humanpand for a variety of input odors. 

b. Collecting data fiom actual human ol&ctory receptors. 

c. CoUecung da. from chemical emulation of human olfactory receptors. 

By improving the concentration vectors to improve the accuracy of odor 

reproduction, or by using a more accurate artificial nose, the relative quality of the a 
odor™ is improved „ wen. n. marix „ (oryW) ^ ^ ? 

spans some subspace of vecu« of the tap* odor, which „ teh , fc 

-".^^^^^^^^^ 

produce exactly the odorant vector of the incut odnr« ^ ^ 
4 . . 3 put odors 8,1(1 ? odorants thus span all of 

the input odors. 

of the mpu, odors. Known mahematica technique, can be used to oaculae to „h„ 
extent the y odorants span the input odors in terms of a desired tolerance S. Moreover 
known mahemauca, technique, „. „ ^ , 0 ^ ^ ' 

addtuonal odorat, to .he palate, conversely, the effect of subtracting odor* 
Bom the patate. For example „„. can escalate if adding certain odora«s to the patote 
wO. creae a non-singutar or (ultra* matrix and thus span all of the tap* odor, As 
auoto example, on. ca, invest to ^ „ ^ ^ fc ^ 

^oram, ^ as 5 odora^. ff the 5 odora^ g^y ^ „ e ^ rf ^ 
odora,. paette, men they may be considered for expand u« of the p** 
Converse* tfby .buying 4 odor**, from the patea. no significant degradaion in me 

ability of the palette to span the input odors is detect 
.... F u aete cted, then one can save costs by 

«—-• the number of odorants in the palette. In short, by using known mahemauca. 
produce a set of input odor, withm a tolerance « a, we« „ modifying and opdmiztag 

17 



Fci/iLyv/uo4y5 

the set off odorants. Thb palette analysis need oot necessarily stop at some point. Hie 
«*■ of the present invention «, cominue ** ^ while irking. Any new smell 

X the system may avUyathe Mdeffidenpy „ ^^^^ ^ 

S ^ ,W ^^ U ^"»^of'»eaddaonoftl*n W odc,« K l/ortt, 
onus,™ of otito odors, th. s^tem may »,„,„, its ^ ^ ^ 

modified. 

Another possible feature of the system may be the ability to translate 
vectors of one electronic nose to vector, of another electronic nose. Such a mathematicd 
> ask can be cmied out ustag function valuation .echoes, such a, polynomial 

on. electronic nose, and the output being the i^erprints of a differem electronic ^ 

Reference j, now nude to Fig. 3 which illustraes an odorant output 
fe™* 1 10 contracted and operaive in accordance with , preferred endxxta, of ,he 
present invention, which employs the g odorants mentioned (djove. 

Odorant output device 110 prefeiably includes an arr^ of odorant sites 
112 mounted on a substrate 114 winch is preferably rigid. Each odorant site 112 includes 
anodoran, ! 1 6 in m e^osure .18. Odor** 06 taillaimmi 
be chosen in a number of way,. For example, i, may be desued to use odorant Mtm 
dev.ce 1 10 to approximae a plurality of input odors, such as perfumes, ta include 
Pe*mes with known odors plus some with unknown odor* An intod plundity of 
odcrMts 1 .6 dm have , reason^ expecution of approximamg « la5t the know, 
odors may be selected. Then, as mentioned hereinabove, known mathematical techniques 

odor, u, terms of a de»«d tolerance S. Moreover, .mown mahematic* techniques on 
be used to tavestigate the effecu of addmg new, addition! odonmts to the pdetie, and 
conversely, the effects of subtracting odorants from the palette of odorant output device 

110. 

A trigger 120 which may be constructed in various ways as described 
further hereinbelow, is in operative communication with odorant sites 112. Enclosure 
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!18p OT dBp MM g. ofodnmII6illt tmmikltmik0 uiB4[err 

create, . opening in enclosure ! n suffiden, for p^Mg, U»«toougI, of odo™, n«' 

H» type of trigger employed depends, twr alto, on toe type of 

' ^ l ^ n ^ < * ain >«>encapsul^ 

I» Fig. 3, odorant site. 112 are preferably constructed of layers of a 
polyn Wm ^ temvco ^^^ lw ^ kjndsofod()mio ^ 

to descnbe the amount of ^ k ^ fc ^ ^ 

» i ^»«»~on S ^„ ( f W s me «b y l^. ForB ^^ of( ^ 

- ordinary person needs between 10 ngr - 10 ug of fiance mattral in 1 fter of air in 
order to s^ m -odo, ^ ^ ^ ^ ^ for ^ ^ 

■n any suhable shape, such a. in the form of a compact disc. 
5 In one preferred embodiment of the present invention, trigger 120 

comprises a h» 122 which produces , beam 124 of User radiation and 4^4^ 

. US. Enclosure 1.8 is preferaNy a light absorbing ^ ^ 
absorptivity a. me k. wavelength. It, high absorpdvtty is prefer** pnoduced by an 
addmon of a dye ,0 the polymer which tas a arong absorptivity « the hserwavetag* 
Alternate, a polymer tha, i, i*™^,, absorbmg a. the wavdengtf, of me User ft* 
may be employed The laser beam 124 may be continuous or pulsed. The laser beam 
wavdengtb nu* be any «h wavelengih, but is most prefer** between 680-1500 
« The pulse intensity a*, duration of las» beam .24 preferably control the amount of 
odor 1,6 released from odor she .12. The laser apparatus «. ^ ^ ^ 
lenses and other devices to focus and shape laser beam 1 24. 

l*er beam 124 preferably can release odor 1 16 in one of three wrys 

«■ Evaporation of odor 1 16 causa local explo^pn™ of the polymer w»D 

of enclosure material 1 18. 

b- Evaporation or destruction of the polymer wall of enclosure material 1 18 causing 
odor 1 16 to escape outwards. 

c Increase of the polymer wall permeability, causing faster diflusion of odor 1 16. 
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to accords wnh or* embody of ^ presCTt 

1 18 am *. be . heu-se^jtiv, poller, so da, absorption «lmmm*m + 
«octo*» to . tannery wMch ^ ^ h ^ radMijrei fc 

J 15 ' °f^*. t * U | Ce met * 10< ' s meot ' one d above. Examples of beat sensitive microcapsules are 
described m ,ap«ese Pato, d,«, 02,45383 to Wakaa md EP Paum, 3 898s t0 
Bayer, in which a votatiJe ma*™, is relerced from . core of a c^sule due * 
tempera*™ change, „ th. miomn , ^ ^ rf ^ ^ ^ 

■ A* food mdustry comprises microMcapsutaed flavors such as Ottens Flavors 
MagnaCap™ which are designed for release during baking at I45°F (63°Q Other 
' exiles ofh« sensitive for »ch rdaocapsules are described inUSPa™, 

4 742,043 to Tanaka et al. and US Patent 4,7«>,04 8 to Kuriha, e, 1, the d,*^ « 
which are incorporated herein by reference. 

ft » ^ ^ 1>« sr^d prer^ly luv. a low tj«^ 

oonducttvnv to prevent he« pro<to d h, ^ ,24 frontWveh^ by conduction to 
od*r a™ i. .he enclosure. Hi, ensures the reouired localized heating of th. p*^ 

odor ate 1 12. 

Substrate 1 14 may include layers of encapsulated odors apportioned into 
"=*>»», each ^ a doTeren, odorar* Odor*« ompu, device II0 

preferably indudes a mode device .30 connected to substrate „4 which moves 
1 14. togeoW with odor ate, „2, whh respect to trigger ,20 so a, to 
selective .bgn or, of odor*, site, „2 wid. U** b«m ,24 of trigger ,20. u, d>i, 

120 can setaivdy rf ^ ^ ^ ^ ^ 

particular odorant , 16 therein. 

In one embodiment, motion device ,30 preferabh/ includes a motor (not 
shown) which rota* subs**, „4 about . ^ ^ m r ^ a m fa 
moved gen^ radM, with re^ to ^ 132 „, ^ ^ ^ JJ4 
Substia. , ,4 is rotated by motic device ,30 until the desu* fragruce locaion Hes 
below laser beam ,24. This system is thus similar to the syrtem in a CD player or 
magnetic disk memory device. 
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moved by motion device 130 in r,„ • ' 114 " 

j wuvu uevice i jo m Cartesian or other cnowi;,™^. • 

perpendicular to axis m ^ " 4 pIane « ener % 



perpendicular to axis 132. 



cleans ^6 is provided for introducing fresh, 

conduits may even be concentric. 6 



10 



summary, 



D 



' cleansandclearsapparatujlio. » "o ana 138 

Odo™, outputd.™. „„ ^ fcl-lk 

<P "tdev^ofiliepresemmvemio,, Herethe Wgge, comprise., 

•""«• « we present invention cm use W .™™, r v. 
, ottim . . , lKat ""W. 'Sin energy or mechanical enemy 

tomggeren^onofodorataodonntsi.e.Ill 

output device tT^ " "** '° % 5 ** " *— *°™< 

21 2 7 - T ' n ^ u ^* a plurality of reservoirs 216 each containing an 
"*»■»»-« odo™ reieas. uigger mechanic 220 assc^ed with 1 

*-» > »« *r seiec^ ^ g ^ 2I8 ^ £ 
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In one embodiment of the invention, illustrated in Fig. 6, a substrate 314 
includes a CD ROM memory 316 on one side thereof and an odorant palette 318 on an 
opposit side thereof A pair of lasers 320 and 322 are provided, laser 320 operating as a 
trigger for release of odorants and laser 322 operating to record on the CD ROM 
memory 316 that an odorant has been released from a given location on the palette 318 
In this manner, efficient use of the various odorants on palette 3 18 may be provided. 

It will be appreciated by persons skilled in the art that the present 
invention is not limited by what has been particularly shown and described hereinabove 
Rather the scope of the present invention includes both combinations and 
subcombinations of the features described hereinabove as well as modifications and 

foregoing description and which are not in the prior art. 
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CLAIMS 

What is claimed is: 

1 • A system for producing an odorant concentration vector comprising: 

an odorant fingerprint generator providing an odorant fingerprint 
representing an arbitrary odor, and 

an odorant concentration vector generator receiving said odorant 
fingerprint and producing an odorant concentration vector. 

2. A system for reproducing odors comprising: 

an odor sensor providing a sensed odorant fingerprint representing an 
arbitrary odor sensed thereby, 

an odorant output device, having a palette containing a multiplicity of 
predetermined odorants each having a predetermined odorant fingerprint, said odorant 
output device providing a composite odor in response to an odorant concentration 
vector, and 

an odorant concentration vector generator receiving said sensed odorant 
fingerprint and utilizing said predetermined odorant fingerprints of said multiplicity of 
predetermined odorants in said palette to produce said odorant concentration vector. 

3. The system for reproducing odors according to claim 2 and also 

comprising an odorant fingerprint normalizer which modifies the sensed odorant 
fingerprint such that the output of the sensor is normalized, whereby odors which are 
similar as perceived by a human are represented by modified sensed odorant fingerprints 
which are close in a vector sense. 



4. The system for reproducing odors according to claim 3 and wherein said 

predetermined odorant fingerprints of said multiplicity of predetermined odorants in said 
palette are normalized by the said odorant fingerprint normalizer, whereby odors in the 
palette which are similar as perceived by a human are represented by modified odorant 
fingerprints which are close in a vector sense. 
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5. The system for reproducing odors according to claim 3 and wherein said 

modified odorant fingerprints which are close, are close in the vector sense according to 
at least one of the following metrics: Euclidean distance, the generalized Euclidean 
distance, the Minkowsky distance, the over-threshold Euclidean distance, the 
over-threshold average difference, the maxima distance. 

6 The system for reproducing odors according to claim 2 and wherein said 

odorants of said palette are predefined in terms of a plurality of odorant fingerprints, 
wherein said palette comprises q odorants which are defined by a matrix M of q odorant 
vectors {a> u , a> 12 , ...a, ln ), {a> 2J , a> 2t2 , ...a> 2 „), ... (a> q J , a> q2> ...e> qr }. 

7 - The system for reproducing odors according to claim 6 and wherein said 

concentration vector generator generates a concentration vector b which instructs said 
palette how to mix the q odorants in order to create an output odor r ' which mimics an 
input odor r, wherein the matrix M multiplied by a concentration vector b creates an 
odorant vector to' = (a'j, a'^ ... <o'^ and said concentration vector generator chooses 
a concentration vector b so as to minimize the distance I \M-b-a>\ \ « II©'- at\ I = & 



8 - The system for reproducing odors according to claim 7 and wherein 5 is 
a distance which is minimized such that a sufficiently representative human population 
perceives the odor r ' as an adequate substitute for the odor r. 

9 - The system for reproducing odors according to claim 8 and wherein 8 is 
defined in terms of at least one of the following metrics: Euclidean distance, the 
generalized Euclidean distance, the Minkowsky distance, the over-threshold Euclidean 
distance, the over-threshold average difference, the maxima distance. 

10- The system for reproducing odors according to claim 3 wherein said 
sensed odorant fingerprint normalizer carries out a function /which operates on one kind 
of numerical vectors representing one kind of odorant fingerprints to form another land 
of numerical vectors representing another kind of odorant fingerprints, not necessarily 
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having the same dimensionality as the first kind of numerical vectors, with the following 
property: if <o 1 and <o 2 are outputs of said odor sensor corresponding to odors rj and 
r 2 , then the odor rj is perceived by a human nose as being close to odor r 2 if and only if 
f(o»j) wiAf(e>2) are numerically close. 

11. The system for reproducing odors according to claim 10 and wherein 
said function/ is constructed by comparing the odorant vectors on, corresponding to the 
odorant fingerprints from a variety of input odors to other odorant vectors representing 
collected data from a human panel for said variety of input odors. 

12. The system for reproducing odors according to claim 1 0 and wherein said 
function / is constructed by comparing the odorant vectors (o, corresponding to the 
odorant fingerprints from a variety of input odors, to other vectors representing collected 
data from actual human olfactory receptors for said variety of input odors. 

13. The system for reproducing odors according to claim 10 and wherein 
said function/ is constructed by comparing the odorant input vectors a, corresponding 
to the odorant fingerprints from a variety of input odors, to other vectors produced by 
collecting data from chemically simulation of human olfactory receptors for said variety 
of input odors. 

14. The system according to claim 2 and wherein said odorant output device 
comprises: 

an array of odorant sites, each said of odorant sites comprising an 
odorant, wherein release of an odor occurs upon application of a predetermined level of 
energy to said odor site; and 

a trigger that selectively applies said predetermined level of energy to said 

odorant sites. 

15. The system according to claim 14 and wherein said odorants are each 

encapsulated in an enclosure. 
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1 6. The system according to claim 14 and wherein said odorants are bound in 

a matrix. 



17. The system according to any of claims 14-16 and wherein said trigger 
applies at least one of heat energy, light energy and mechanical energy. 

18. The system according to any of claims 14-16 and wherein said trigger 
comprises a scratch implement. 

19. The system according to any of claims 14-16 and wherein said odorant 
site has a property of locally rupturing upon application of said predetermined level of 
energy. 



20. The system according to any of claims 14-16 and wherein said odorant 

site has a permeability which increases upon application of said predetermined level of 
energy. 



21. The system according to any of claims 14-16 and wherein said trigger 

comprises a laser which produces a beam of laser radiation and directs said beam onto 
the odorant she. 



22 • The system according to any of claims 14-16 and wherein said odorant 

sites are mounted on a substrate, and said odorant output device further comprises a 
motion device connected to said substrate which moves said substrate with respect to 
said trigger so as to selectively align one of said odorant sites with said trigger so that 
said trigger selectively applies said predetermined level of energy to said odorant sites. 

23. The system according to any of claims 14-16 and wherein said odorant 

sites are mounted on a substrate, and said odorant output device further comprises a 
motion device connected to said trigger which moves said trigger with respect to said 
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substrate so as to selectively align one of said odorant sites with said trigger so that said 
trigger selectively applies said predetermined level of energy to said odorant sites. 

24. The system according to any of claims 1 4- 1 6 and comprising a controller 
connected to said trigger which controls to which of said odorant sites said trigger 
selectively applies said predetermined level of energy. 

25. The system according to any of claims 14-16 and comprising a fan which 
creates a flow of air over said odorant sites. 

26. The system according to claim 2 and wherein said odorant output device 
comprises a plurality of reservoirs each containing an odorant, and a selectable odorant 
release mechanism associated with said plurality of reservoirs for selectably releasing 
odorants therefrom. 



27. The system according to claim 26 and comprising a fan which creates a 
flow of air over said odor reservoirs. 

28. The system according to claim 27 and wherein said selectable odorant 
release mechanism comprises a drop on demand ink jet type mechanism. 

29 The system according to claim 2 and wherein said odorant output device 

comprising a substrate having first and second oppositely facing surfaces, a laser 
read/write memory being formed on a first surface thereof and an odorant palette being 
formed on a second surface thereof. 

30. The system according to claim 29 and also comprising first and second 

laser assemblies, said first laser assembly being operative to interact with said memory 
and said second laser assembly being operative to interact with said odorant palette. 
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31. The system according to claim 30 and wherein said first laser assembly is 

operative to record on said memory the location on said palette at which an odorant is 
released by said second laser assembly. 

5 32. An odorant output device comprising: 

an array of odorant sites, each of said odorant sites comprising an 
odorant, wherein release of an odor occurs upon application of a predetennined level of 
energy to said odorant site; and 

a trigger that selectively applies said predetermined level of energy to said 

io odorant sites. 



33. The system according to claim 32 and wherein said odorants are each in 
an enclosure. 



is 34. 



The system according to claim 32 and wherein said odorants are bound in 
a matrix. 
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35. The odorant output device according to any of claims 32-34 and wherein 
said trigger applies at least one of heat energy, light energy and mechanical energy. 

36. The odorant output device according to any of claims 32-34 and wherein 
said trigger comprises a scratch implement. 



37. The odorant output device according to any of claims 32-34 and wherein 
25 said enclosure has a property of locally rupturing upon application of said predetermined 

level of energy. 

38. The odorant output device according to any of claims 32-34 and wherein 

said enclosure has a permeability which increases upon application of said predetermined 
30 level of energy. 
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39. The odorant output device according to any of claims 32-34 and wherein 

said trigger comprises a laser which produces a beam of laser radiation and directs said 
beam on the end sure. 



40. The odorant output device according to any of claims 32-34 and wherein 

said odor sites are mounted on a substrate, and said odorant output device further 
comprises a motion device connected to said substrate which moves said substrate with 
respect to said trigger so as to selectively align one of said odor sites with said trigger so 
that said trigger selectively applies said predetermined level of energy to said odor sites. 

41. The odorant output device according to any of claims 32-34 and wherein 

said odor sites are mounted on a substrate, and said odorant output device further 
comprises a motion device connected to said trigger which moves said trigger with 
respect to said substrate so as to selectively align one of said odor sites with said trigger 
so that said trigger selectively applies said predetermined level of energy to said odor 
sites. 



42. The odorant output device according to any of claims 32-34 and 

comprising a controller connected to said trigger which controls to which of said odor 
sites said trigger selectively applies said predetermined level of energy. 

43 The odorant output device according to any of claims 32-34 and 

comprising a fan which creates a flow of air over said odor sites. 

44. An odorant output device comprising: 

a plurality of reservoirs each containing an odorant and a selectable 
odorant release mechanism associated with said plurality of reservoirs for selectably 
releasing odorants therefrom. 



45. The system according to claim 44 and comprising a ran which creates a 

flow of air over said odor reservoirs. 
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46 The system according to claim 45 and wherein said selectable odorant 

release mechanism comprises a drop on demand ink jet type mechanism. 

47. An odorant output device comprising a substrate having first and second 
oppositely feeing surfaces, a laser read/write memory being formed on a first surface 
thereof and an odorant palette being formed on a second surface thereof 

48. The system according to claim 47 and also comprising first and second 
laser assemblies, said first laser assembly being operative to interact with said memory 
and said second laser assembly being operative to interact with said odorant palette. 

49. The system according to claim 48 and wherein said first laser assembly is 
operative to record on said memory the location on said palette at which an odorant is 
released by said second laser assembly. 

A method for reproducing odors comprising: 
providing an odorant fingerprint representing an arbitrary odor, 
providing an odorant output device, having a palette containing a 
multiplicity of predetermined odorants each having a predetermined odorant fingerprint, 
said odorant output device providing a composite odor in response to an odorant 
concentration vector, and 

inputting said odorant fingerprint into an odorant concentration vector 
generator which utilizes said predetermined odorant fingerprints to produce said odorant 
concentration vector. 

51. The method according to claim 50 and comprising predefining said 

odorants of said palette in terms of a plurality of odorant fingerprints, wherein said 
palette comprises q odorants which are defined by a matrix M of q odorant vectors 
K/' 0 1,2> "*ln* (<°2,1> <°2,2> -<»2,n)> •■• a> q>2 * ^ qn ). 
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52. The method according to claim 51 and comprising generating a 

concentration vector b which instructs said palette how to mix the q odorants in order to 
create an output odor r • which mimics an input odor r, wherein the matrix M multiplied 
by the concentration vector b creates an odorant vector »' = ( a - Jt ^ ... ^ and the 
concentration vector b is chosen so as to minimize the distance I \h4-b - a>\ | = |U'_ 
<o\ I = S. 



53. The method according to claim 52 and comprising calculating to what 
extent the q odorants span the input odors in terms of S. 

54. The method according to claim 53 and comprising investigating effects 
of adding new, additional odorants to the palette by investigating changes caused thereby 
in minimization oiS. 



55. The method according to claim 53 and comprising investigating 

of subtracting odorants from the palette by investigating changes caused thei 
minimization of S. 



31 



WO 00/15269 

» 



1/4 



PCT/IL99/00495 





Sy CO 

^ CM 



V 



o 

as © 

ir §- ^ 

z o 

W W W 

u > z 
© w 






CM 



o 

Ll. 





OS 


o 


O 


CM 


CO 




z 








CO 




flit 





CN 
O 



c 



PCT/IL99/00495 




inn 



PCT/IL 99/00495 



A. CLASSIFICATION OP .SUBJECT MATTER 

IPC 7 A61L9/03 A61L9/12 



According to Internationa) Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system foflowed oy classification symbols) 

IPC 7 A61L G01N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No 



Y 
Y 



PATENT ABSTRACTS OF JAPAN 

vol . 1995, no. 06, 

31 July 1995 (1995-07-31) 

& JP 07 055742 A (SHARP CORP), 

3 March 1995 (1995-03-03) 

abstract 



US 5 724 256 
3 March 1998 
cited 1n the 
column 1, paragraph 1 
column 2, paragraphs 2,6 



A (LEE JOSEPH KINMAN 
(1998-03-03) 
application 



ET AL) 



-/-- 



2-14, 
50-55 



2,14-28 

2,14-17, 

19,20, 

25-28 



Further documents are listed in the continuation of box C 



|X J Patent family members are listed in annex 



9 Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

V document which may throw doubts on priority ciaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international tiling date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered noveJ or cannot be considered to 
involve an inventive step when the document fs taken alone 



"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document fs combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the International search 



31 January 2000 



Date of mailing of the international search report 

07/02/2000 



Name and mailing address of the ISA 

European Patent Office, P B 5818 Patentlaan 2 
NL-2280HVRijsw1jk 
Tel (+31-70) 340-2040, Tx 31 651 eport. 
Fax: (+31-70) 340-3016 



Authorized officer 



Mufioz, M 



Form PCT/ISA*10 (second <h«*t) (July 1992) 



C.(Contlnu«tton) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 



p,x 



Citation o» document, with indication. where appropriate, ol the relevant passages 

DATABASE WPI 
Section Ch, Week 199404 
Derwent Publications Ltd., London, GB; 
Class 022, AN 1994-032881 
XP002128286 

6 SU 1 785 696 A (POZDNYAKOV V N), 

7 January 1993 (1993-01-07) 
abstract 



WO 97 37693 A (ARAUJO 0E SOUSA MAURICIO) 
16 October 1997 (1997-10-16) 
figures 1-3 

DATABASE WPI 

Section Ch, Week 199404 

Derwent Publications Ltd., London, GB; 

Class D22, AN 1994-032884 

XP002128291 

6 SU 1 785 699 A (POZDNYAKOV V N), 

7 January 1993 (1993-01-07) 
abstract 

W0 99 38102 A (NARAYANASWAMY BALA) 
29 July 1999 (1999-07-29) 
page 1, paragraph 4 -page 2, paragraph 3 
page 3, paragraphs 7,8 
figures 1,3,4,9,10 

W0 99 16476 A (PEREX AGORRETA FRANCISCO 
JAVIE) 8 April 1999 (1999-04-08) 

page 3 
figure 1 
claims 1,2 

DICKINSON T A ET AL: "Current trends 1n 

artificial -nose technology" 

TRENDS IN BIOTECHNOLOGY, GB, ELSEVIER 

PUBLICATIONS, CAMBRIDGE, 

vol. 16, no. 6, page 250-258 XP004121066 

ISSN: 0167-7799 
the whole document 

RATTON L ET AL: "A comparative study of 
signal processing techniques for 
clustering mlcrosensor data (a first step 
towards an artificial nose)" 
SENSORS AND ACTUATORS B,CH, ELSEVIER 
SEQUOIA S.A., LAUSANNE, 
vol. 41, no. 1-3, page 105-120 
XP004089128 
ISSN: 0925-4005 

-/-- 



Ilk* IWMI 



PCT/IL 99/00495 



Relevant to claim No 



2,50 



14-17, 
19-21, 
23-27 

2,14-18, 
22 



2,50 



2,50 



2,14-17, 
19, 

23-27,50 



Form PCTASA/210 (continuation of ascend chaat) (Jufy 1962) 



3 




INTERNATIONAL SEARCH REPORT 



ii ice maoonal application No 

PCT/IL 99/00495 



Box I Observations where certain claims w re found unsearchable (Continuation f item 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Articl 1 7{2){a) for th following reasons: 
1. Claims Nos 

because they relate to subject matter not required to be searched by this Authority, namely: 



fT] Claims Nos.. 1 1 32-49 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically 

see FURTHER INFORMATION sheet PCT/ISA/210 



3 1 | Claims Nos.; 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6 4(a) 



Box II Observations where unity of Invention is lacking (Continuation of Item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



□ As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
searchable claims. 



2 f" | As all searchable claims could be searched without effort justifying an additional fee. this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
*— 1 covers only those claims for which fees were paid, specifically claims Nos.. 



No required additional search tees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos : 



Remark on Protest 



[ [ The additional search fees were accompanied by the applicants protest 
| | No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



International Application No PCT/ I L 99/00495 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

Continuation of Box 1.2 

The present invention seeks protection for a system for instructina an 
odorant-mixing output device as how to mix a predetermined set of 9 

^^"(unkSo^^^r 1 ^ *° " *° fa,thfU,,y repr ° dUCe ^ odorant 
To solve the technical problem set out in the description (page 3 Dar 1) the 
apparatus is described as being composed of three different main pa?ts 
A- an odorant sensing device or odorant fingerprint generator 
™„?f a ? S I? r ma thfmatically express such sensed fingerprint or odorant 
concentration vector generator """rant 

and A Ep?Sn ra ^Mo P !!J d ? V - Ce f. Vin V palette of Predetermined fragrances 
and being capable of mixing these fragrances 

A search for claims 2-31 and 50-55 disclosing all three parts of the 
invention has been carried out. 

Sll+VnS 1 ?!;! 0 !! 8 PartS V nd ?u 0f the a PP aratus ™* claims 31-41 disclose 
part C of the same apparatus. The description fails to disclose the invention 

ifSlf a)( Jo 1 iox CT 2 1n relation ^ the features A+B alone (claim 1) or C 

a i?Ia ihiT^ 3 -" 4 ?*- Mo T eover they a PP ear t0 1ack the technical features to 
solve the technical problem expressed above under the light of Rule 6 3 PCT 
and a meaningful search is hence not possible. 

The applicant's attention is drawn to the fact that claims, or parts of the 
^IK re1 K t1ng *? J? vent 1ons in respect of which no international search 
report has been established need not be the subject of an interna? onal 
inlZul? * xamina * 1on < Ru1 * 66.1(e) PCT). The applicant s aSSiseS S«t the 
no™?? 1 L+ h l" 3Ctlng a ! an In temational Preliminary Examining Authority if 

bS searched ^Thf^, 0 ?^ 8 ^S 1 " 1nary e ? an "' nat 1on oJ matter which has not 
ill - 1S the case i rrespecti ve of whether or not the claims 

p?ocedu?e fo11ow1ng of the search report or during any Chapter II 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.2 



Claims Nos.: 1,32-49 



international Application No. PCTflL 99 00495 



The present Invention seeks protection for a system for instructing an 
odorant-mlxlng output device as how to mix a predetermined set of 
odorants 1n the correct amounts so as to faithfully reproduce any odorant 
Input (unknown odor). 

To solve the technical problem set out 1n the description (page 3 par 1) 
the apparatus 1s described as being composed of three different main 
parts : 

A- an odorant sensing device or odorant fingerprint generator 

8- Means for mathematically express such sensed fingerprint or odorant 

concentration vector generator 

C- An odorant output device having a palette of predetermined fragrances 
and being capable of mixing these fragrances. 

A search for claims 2-31 and 50-55 disclosing all three parts of the 
Invention has been carried out. 

Claim 1 discloses parts A and B of the apparatus and claims 31-41 
disclose part C of the same apparatus. The description falls to disclose 
the Invention 1n such terms that a technical problem and Its solution can 
be understood (rule 5,l.(a)(1ii) PCT) in relation to the features A+B 
alone (claim 1) or C alone (claims 32-49). Moreover they appear to lack 
the technical features to solve the technical problem expressed above 
under the light of Rule 6.3 PCT and a meaningful search 1s hence not 
possible. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions In respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
1s advised that the EPO policy when acting as an International 
Preliminary Examining Authority 1s normally not to carry out a 
preliminary examination on matter which has not been searched. This 1s 
the case Irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



4 » 



information en patent family mwibm 



Patent document 
cited in search report 



JP 07055742 
US 5724256 
SU 1785696 
WO 9737693 



A 
A 
A 



Publication 
date 



lnt» onal Application No 

PCT/IL 99/00495 



Patent family 
member(s) 



03-03-1995 
03-03-1998 
07-01-1993 
16-10-1997 



Publication 
date 



NONE 
NONE 
NONE 



BR 9601523 A 

AU 2282397 A 

CA 2251361 A 

CN 1220611 A 

EP 0892646 A 

US 5972290 A 



24-03-1998 
29-10-1997 
16-10-1997 
23-06-1999 
27-01-1999 



SU 1785699 


A 


07-01-1993 


NONE 






W0 9938102 


A 


29-07-1999 


AU 


2332399 A 


09-08-1999 


WO 9916476 


A 


08-04-1999 


ES 


2133115 A 


16-08-1999 



